Introduction and hypothesis The perineum stretches naturally during obstetrical labor, but it is unknown whether this stretch has a negative impact on pelvic floor outcomes after a vaginal birth (VB). We aimed to evaluate whether perineal stretch was associated with postpartum pelvic floor dysfunction, and we hypothesized that greater perineal stretch would correlate with worsened outcomes. Methods This was a prospective cohort study of primiparous women who had a VB. Perineal body (PB) length was measured antepartum, during labor, and 6 months postpartum. We determined the maximum PB (PB max ) measurements during the second stage of labor and PB change (ΔPB) between time points. Women completed functional questionnaires and had a Pelvic Organ Prolapse Quantification (POP-Q) system exam 6 months postpartum. We analyzed the relationship of PB measurements to perineal lacerations and postpartum outcomes, including urinary, anal, and fecal incontinence, sexual activity and function, and POP-Q measurements.
Introduction
Vaginal birth (VB) has been associated with pelvic floor dysfunction, with past studies indicating that maternal expulsive efforts and perineal trauma are risk factors for postpartum pelvic floor disorders [1] [2] [3] [4] . Perineal and introital stretch in the second stage of labor is thought to contribute to pelvic floor muscle damage. However, with the exception of overt levator damage and third-and fourth-degree perineal lacerations, the relationship of perineal injury to postpartum pelvic floor dysfunction has not been consistently demonstrated [5] [6] [7] [8] . Data are lacking to predict how stretching of the perineal structures in the second stage of labor correlates with perineal laceration at delivery and postpartum functional outcomes, such as urinary (UI), anal (AI), and fecal (FI) incontinence, sexual dysfunction, and pelvic organ prolapse (POP).
The primary aim of this study was to describe changes in the perineal body (PB) during the second stage of labor and evaluate whether PB stretch during labor is predictive of obstetrical lacerations or whether changes in PB length were predictive of 6-month postpartum pelvic floor outcomes. We also sought to determine whether maximum stretch of the introital opening (IO) and anus during the second stage of labor were predictive of perineal lacerations and postpartum pelvic floor functional outcomes. We hypothesized that women with greater PB stretch during the second stage of labor, or greater change from antepartum to intrapartum PB length, would be at increased risk for UI, AI, FI, sexual dysfunction, and POP.
Materials and methods
This was a planned secondary analysis of a large, prospective cohort evaluating postpartum pelvic floor changes following delivery of a first child, the full methods of which are described in prior publications [3, 9] . Nulliparous healthy women who presented for prenatal care were recruited prenatally by the University of New Mexico Midwives from December 2006 to January 2011 and were eligible for this secondary analysis if they had a VB at the study institution. This research was approved by the University of New Mexico Health Sciences Center Internal Review Board (IRB) prior to study initiation, and informed written consent was given by all participants.
PB was measured (in centimeters) during Valsalva maneuver from the posterior fourchette to the center of the anal opening (AnO) and recorded at several time points: during antepartum care, at the onset of labor, at the onset of pushing at the beginning of the second stage, every 10 min after this during the second phase of labor until the delivery of the fetal head, and at 6 weeks and 6 months postpartum. Measurements were accomplished with a cotton-tipped swab marked to the centimeter and calibrated against a ruler, and all measurements were done in keeping with the standard methodology of the Pelvic Organ Prolapse Quantification (POP-Q) system outlined by Bump et al. [10] . Maximum PB measurement during the second phase of labor (PB max ) was calculated for each woman, and changes in PB between two time points (ΔPB) were calculated. During the antepartum visit and at 6 months postpartum, a full set of POP-Q measurements was also performed. All measurements were performed by specialists in the field of Female Pelvic Medicine and Reconstructive Surgery or by certified nurse-midwives who underwent POP-Q training with live models prior to study data collection. Standard deviation (SD) of PB measurements in this study has previously been reported as 0.8 cm [3] .
While the fetal head was visible at the vaginal introitus, anterior-posterior (AP) and transverse measurements were taken (in centimeters) of the portion of the fetal head visible, and these measurements were repeated every 10 min until the fetal head was birthed. APIO max was the maximum anteriorposterior measurement of the fetal head visualized during the second stage, and the maximum transverse measurement of the fetal head (TIO max ) was visualized. Using the formulaic calculation of the area of an ellipse, the surface area of exposed fetal head, or area of the introital opening (AIO) was calculated for each patient. AIO max was the maximum area of introital opening, as calculated using APIO max and TIO max . AnO was also measured in centimeters every 10 min during the second stage of labor, with AnO max being the maximum measurement during the second stage for each patient.
Labor and maternal characteristics were gathered at delivery, as previously described. Women with a second-degree or greater perineal laceration were evaluated by a second examiner to ensure that lacerations were graded appropriately, with >90 % agreement between observers [3, 9, 11] . In our institution, episiotomies are rare and operative delivery uncommon, and providers do not routinely perform perineal massage with delivery. Previous studies have reported our episiotomy rate at 2 % and operative delivery rate at 6 % [3, 11] . All third-and fourth-degree lacerations were repaired at the time of delivery, and second-degree lacerations were repaired if they distorted the anatomy, were actively bleeding, or there was provider or patient preference.
Both antepartum (prior to labor onset) and at 6 months postpartum, patients were given validated questionnaires to assess symptoms of UI and FI/AI using the Incontinence Severity Index (ISI) [12] and Wexner Fecal Incontinence Scale [13] , respectively. The presence of UI was considered to be any ISI score >0, and the presence of AI was considered to be a Wexner score >0 or any loss of flatal or fecal matter. FI was defined as both a Wexner score >0 and positive responses regarding involuntary loss of fecal matter. Sexual function was measured using the Female Sexual Function Index (FSFI), a multidomain questionnaire in which higher scores confer better sexual function [14] . A POP-Q examination was performed both antepartum and 6 months postpartum.
PB, ΔPB, AnO max , APIO max , and TIO max values are reported as means ± standard deviations (SD) in centimeters, with AIO max in square centimeters. PB for all measured time points, ΔPB values between all measured time points, AIO max , APIO max , TIO max , and AnO max are referred to henceforth as study measurements. Logistic regression was used to calculate the relationship between study measurements and the occurrence of the following binomial variables: second-, third-, or fourth-degree laceration, UI, AI, or FI, and sexual activity at 6 months postpartum. Analysis of the relationship of study measurements to UI, AI, FE, and sexual activity was repeated correcting for the antepartum presence of these. For example, analysis of the correlation of PB at the onset of labor to postpartum UI would be repeated correcting for the presence of UI antepartum. Analysis of the relationship of study measurements to perineal trauma was repeated, correcting for fetal birth weight (in grams).
Linear regression was used to correlate the relationship of study measurements to continuous variables. The analysis was repeated correcting for antepartum values of the outcome. For example, analysis of the relationship of study measurements to point C on the POP-Q exam 6 months postpartum was repeated, correcting for antepartum point C in that patient. Where significant relationships were found with this correction, analysis was again repeated, removing the patients with operative delivery and/or episiotomy and correcting for maternal age, body mass index (BMI), length of the second stage of labor (in minutes), and infant birth weight (grams).
The parent study was powered for differences in pelvic floor dysfunction among different birth modalities (Cesarean vs vaginal delivery), rather than for this analysis [3] . However, with a study population of 270, we determined that we could detect an odds ratio (OR) of ≥2.0 of dichotomous outcomes with ≥10 % baseline prevalence (presence or absence of UI, AI, FI, or perineal laceration) for every 1-cm increase in continuous independent variables (e.g., PB max ) with 80 % power and α0.05. For continuous outcomes such as postpartum POP-Q measurements, our population of 199 women could detect a ≥0.2 cm descent in the POP-Q point with a 1-cm increase in PB max , assuming the SD of PB max and point Aa in our population was ≤1.5 cm (80 % power, α0.05).
Results
As reported previously [3, 9, 11] , 448 women in the parent study cohort had VB, with a mean age of 24 ± 5.0 years. Of the VB cohort, 270 (60 %) had both antepartum PB measurements (PB-AP) and at least one PB measurement performed during the second stage of labor, and therefore a PB max ) and change in PB during the second stage could be recorded and are the population of interest in this study (Fig. 1 ). Of these 270 women, 83 (31 %) only had one repeat measurement of the perineum taken after measurement at onset of the second stage, meaning that the fetus delivered more than 10 min but not ≥20 min after second-stage onset. There were 228 (84 %) women who had PB measurements at 6 weeks postpartum, and 199 (74 %) had measurements 6 months postpartum. Patient characteristics of these 270 women are shown in Table 1 . The 199 women who presented at 6 months postpartum for repeat PB and POP-Q measurements were older (24.4 vs 23.0 years, p = 0.02) and used less oxytocin during labor (40 % vs 58 %, p = 0.01) than the 71 women who did not present. Otherwise, women who had postpartum follow-up had similar characteristics. Of note, none of these 270 women had operative vaginal delivery, and only five (2 %) required episiotomy.
Means and SDs of PB lengths, ΔPB between various time points, and introital and anal opening measurements during the second stage of labor are shown in Table 1 . Mean PB length antepartum was 3.7 ± 0.8 cm, which increased to 4.2 ± 1.0 cm at the onset of labor. Mean PB max during the second stage was 6.1 ± 1.5 cm. The greatest ΔPB was 2.4 ± 1.6 cm between PB antepartum and PB max , nearly a 65 % increase. Mean ΔPB from PB antepartum to PB 6 months postpartum was small and demonstrated overall shortening in PB (−0.39 ± 1.02 cm). Mean TIO max during the second stage was 4.72 ± 1.9 cm, and mean APIO max diameter was 7.5 ± 1.9 cm, yielding a mean AIO max of 119 ± 69 cm 2 . AO max during the second stage was 2.0 ± 0.9 cm in diameter.
The prevalence of perineal lacerations (≥3rd degree or ≥2nd degree) during labor and 6-month postpartum UI, AI, FI, and sexual activity are shown in Table 1 . Third-and fourth-degree lacerations were rare and were not significantly associated with any study measurements (all p > 0.05). Second-, third-, and fourth-degree lacerations were analyzed in combination as well Fig. 1 Populations of interest in the study cohort and also were not associated with any study measurements, with or without correction for infant birth weight (all p > 0.05). With or without correction for antepartum UI, no study measurements were correlated with UI at 6 months postpartum. Furthermore, no study measurements were related to postpartum FI or AI with or without correction for antepartum symptoms and/or perineal lacerations (all 95 % confidence intervals (CIs) crossing 1.0).
Sexual activity in this population increased from antepartum to postpartum, as reported previously, with 76 % of women sexually active antepartum (in the third trimester) and 88 % postpartum [3] . Adjusting for antepartum sexual activity and perineal trauma, no study measurements were related to sexual activity at 6 months postpartum (all 95 % CIs crossing 1.0). After correction for antepartum FSFI scores, measurements of IO (APIO max and AIO max ) were correlated with slightly improved satisfaction scores on the 6-month postpartum FSFI. Table 2 demonstrates the correlation of study measurements to FSFI scores within individual domains of sexual function and overall, corrected in all cases for antepartum FSFI scores.
With statistical correction for confounding variables, postpartum POP-Q values were not related to stretching in the introitus during labor (APIO max , TIO max , AIO max , or AnO max ). Once corrected for confounders, study measurements did not correlate with POP-Q points GH, Aa, Ba, Ap, D, or TVL at 6 months postpartum. Table 3 demonstrates the correlation of all study measurements to postpartum POP-Q measurements, corrected for antepartum POP-Q measurements and relevant confounders in all cases. Point Bp was positively correlated with PB max and point C with ΔPB from PB antepartum to PB max , but the degree of correlation was extremely small for both relationships.
Discussion
In this secondary analysis of a large cohort of healthy, low-risk women having their first delivery, we found that the PB stretches significantly, increasing in size by 65 % during delivery. Nonetheless, individual PB measurements and maximum perineal stretch did not correlate with functional outcomes of UI, FI, AI, sexual activity, or sexual function at 6 months postpartum, nor did they correlate with perineal laceration intrapartum. Maximum IO measurements during the second stage were also not correlated with perineal lacerations or postpartum functional changes, with the exception of a weak relationship with improved sexual function scores. Providers can offer women reassurance that stretching during the second stage of labor is normal and does not seem to negatively affect pelvic floor function or anatomy at 6 months postpartum. Stretching during labor also does not increase the risk of perineal trauma at delivery, even in this setting of sparing use of episiotomy.
Risk factors for perineal lacerations have been well studied and include nulliparity, older maternal age, Asian race, increasing gestational age and birth weight, instrumented delivery, prolonged second stage of labor, occiput posterior fetal position, and midline episiotomy [15] [16] [17] . While some of these studies indicate that a greater degree of perineal stretch during labor may correspond to injury, it is unclear whether stretch is always pathological. Short perineal body length (PBL) has been implicated as a predictor of severe perineal injury, but these data are conflicting. A recent retrospective study reported that women with a PBL ≤ 2.5 cm had a 40 % Table 3 Correlation of perineal body (PB) measurements or PB changes over time (ΔPB) with POP-Q measurements 6 months postpartum, after correction for the confounding variables of the corresponding antepartum POP-Q measurement, maternal age and BMI at delivery, birth weight of infant, and length of the second stage of labor PB = perineal body length from posterior vaginal fourchette to anal opening, PB max = greatest PB length during second stage of labor, ΔPB = change in PB between two time points indicated, TIO max = maximum transverse measurement of fetal head visualized during seconds stage of labor, APIO max = maximum anterior-posterior measurement of fetal head visualized during second stage of labor, AIO max = maximum area of introital opening during second stage of labor, calculated using APIO max and TIO max in the formula for area of an ellipse, AnO max = maximum measurement of anal opening during second stage of labor higher chance of sustaining third-or fourth-degree lacerations [18] . Additionally, a prospective cohort found an increased risk of anal sphincter injury if the PBL was < 3 cm [19] . However, another study found that PBL and pelvic floor muscle strength were not predictive of sphincter trauma [20] , and prospective data from a nulliparous cohort of women at our institution demonstrated no correlation between antepartum PBL and perineal tearing [9] . We found that, despite significant stretching of the PB, introitus, and anal opening in labor, maximum measurements during the second stage were not associated with postpartum AI. It has been indicated that a short PBL is related to sonographic anal sphincter defects [19] , which are correlated with postpartum FI in some studies [1, 2, 20] ; however, ultrasound findings are inconsistent predictors of postpartum FI pathology [21, 22] . This indicates that anatomic changes, or even damage, do not always result in poor function. Our large, prospective study confirms that even a large degree of stretch during labor has no association with AI or FI symptoms.
Our data indicate that sexual activity and sexual function were not associated with stretching of the PB, including PB max , but greater introital stretch was positively correlated with improved satisfaction domain scores on the FSFI. This may be due to the fact that women with better tissue compliance at the introitus in labor may have tissue properties that improve sexual satisfaction, such as better tissue stretch and comfort during coitus. However, if this were true, one would expect the pain domain on the FSFI to be related to introital stretch, which this data did not detect. While some data indicate a relationship between anatomic changes during VB and decreased sexual function postpartum [3, 23, 24] , recent studies have found that similar postpartum sexual function between VB and Cesarean birth [25] or between women who did and did not have levator avulsion [26] . These mixed findings indicate that tissue changes in labor may be related to sexual function, but any negative effects of tissue stretch may be mitigated by the multitude of other factors that influence sexual function. Overall, findings of this study can provide women reassurance that maximum stretch in labor is unlikely to negatively impact their sexual function.
Past investigations with imaging technology have indicated that damage to the levator plate during labor predisposes women to POP, and tissue stretching in labor is a known risk factor for levator muscle damage [27, 28] . We found that stretching in the perineum is only weakly correlated with some postpartum POP-Q measurements (Bp and C) and unlikely to be clinically meaningful at 6 months postpartum. Prior studies are conflicting regarding whether or not PB length antepartum can predict intrapartum perineal trauma [9, 18, 19] , a known factor for prolapse, but a single measurement does not reflect the complexity of anatomic changes during pregnancy and labor.
Limitations of this study include the fact that no formal interrater or intrarater analysis could be made to validate the reproducibility of these measurements, particularly in the second stage of labor during which measurements change so rapidly that multiple measurements are not feasible. Furthermore, to make this study more clinically realistic, we did not use a pressure catheter in the vagina or rectum to standardize the level of Valsalva during POP-Q measurements. Limitations of this study also include its shorter duration, which only allows us to detect pelvic floor disease that arises within the first 6 months postpartum. However, there are data to support that a substantial portion of postpartum stress incontinence resolves by 6 months after delivery [29] , and recent imaging data confirm that tissue recovery has mostly occurred by 8 months postpartum [30] , leading us to believe that our time frame was relevant for the postpartum period. Second, given the low-risk population in this study (midwifery patients delivering by VB), these results may not be generalizable to populations at increased risk of instrumented deliveries or episiotomy. Third, while our analysis corrected for several suspected confounders, we could not correct for all possible unmeasured or unknown confounders that could affect results. Fourth, our population was only large enough to detect significant changes in risk with a 1-cm change in PB max , so more subtle relationships between perineal changes and outcomes may have been missed. Finally, it is worth noting that the maximum stretch of the perineum during the second stage may not have been captured by the last measurement taken before birth. As can be seen by the TIO max and APIO max measurements, which are not the width and breadth of a typical neonatal head, measurements were taken as close to birth as feasibility and protocol would allow but not at the exact moment of delivery. However, based on the cardinal movements of labor, maximum PB stretch likely existed before the fetal head passed under the pubic bone and underwent extension and external rotation, which would allow the perineal to shorten again. Moreover, even if the greatest extent of stretch was not captured by this study, our data indicate that the PB would have had to stretch to over double the length in this data (>12 cm long) in order to become mathematically related to any of the pelvic floor outcomes. This upholds our primary conclusion that even extreme elongation of the PB in the second stage of labor does not negatively impact pelvic floor outcomes in the postpartum months.
Strengths of this study include the large cohort size and inclusion of low-risk women typical of many obstetrics and midwifery practices. Moreover, this trial used a standardized method for PB measurement, as supported by the literature, and all measurements were performed by personnel given formal training to do so. We also performed anatomical measurements at many time points in order to provide a full description of anatomy throughout pregnancy, labor, and postpartum. This better illuminates what providers and patients can expect during this time period and can reassure patients that certain anatomic changes during labor are normal and do not affect postpartum function or intrapartum lacerations. The variety of measurements taken allowed evaluation of different aspects of posterior compartment anatomy (introital, perineal, anal) and describe in detail any relationships to functional outcomes. The extent of this database also allowed us to correct for maternal characteristics and labor factors suspected to be confounders.
Conclusion
Perineal anatomy undergoes a large degree of spontaneous stretching during the course of labor, and an overall resolution of this stretch can be expected postpartum. While spontaneous stretching is extensive in the second stage, perineal stretch did not correlate with perineal lacerations, UI, FI, AI, or sexual activity postpartum. These data allow providers to better counsel women about normal changes in pregnancy and reassure them that perineal stretch during labor does not appear to have a negative impact on postpartum pelvic floor function.
